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THE LIMITS OF NUCLEAR STABILITY
The isobaric lines across the nuclear chart are terminated by instability towards the emission of nucleons. The two limits, to the north-west and south-east, correspond roughly to zero binding for protons and neutrons and are commonly referred to as the drip lines. During the last years there has been a rapid development in our ability to investigate nuclei close to the drip lines thanks to a variety of techniques involving radioactive beams from isotope separators and recoil spectrometers. The proceedings [1] of a recent conference and also the review [2] give a good overview of activities in this field, which is right now subject to an intense interest. Many new results were presented at the 1992 Bernkastel-Kues Conference [3] . In this presentation I shall on the neutron drip line where novel phenomena have appeared, but even to this sub-sub specialty I cannot do full justice, especially with respect to the very many interesting theoretical papers.
The proton drip line
Owing to the Coulomb repulsion it is not possible to have nuclei with a very large proton excess and for the lighter elements the proton drip line lies rather close to the N=Z line. The Coulomb barrier localizes a loosely bound or even unbound proton in the nuclear core and tends to make its wave function resemble that of a normally bound state. The combination of Coulomb-and angularmomentum barriers can lead to long lifetimes for proton emission from unbound states so that the proton drip line is overstepped. 'rhis is the phenomenon of proton radioactivity, which has been observed in a number of cases from iodine and up to rhenium [4] . Nearer to the stability line the energy spectra of protons emitted following beta decay give rich possibilities for studying the level structure up to
THE NEUTRON HALO AS AN INDEPENDENT SUB-SYSTEM
The neutron-rich nuclei that terminate the isobaric chains with masses 6, 8, 11, 14 have an even number of neutrons and show to a larger or smaller degree evidence for a two-neutron halo. The most striking case is that of 11 Li which has a two-neutron separation energy S 2 " of only 315±40 keV as an average of three measurements [9] . There is only one known case of a single-neutron halo, that of 11 Be, for which the odd neutron is bound by 502 keV.
There is mounting evidence that a halo nucleus is well approximated by a product wave function. We begin with experiments that demonstrate that the core is little affEcted by the presence of the halo neutrons. The magnetic dipole moments [10] of 9 Li and l!Li have been measured by a refined combination of optical and beta-decay techniques to be 3.439 and 3.668 nuclear magnetons, respectively, close to the Schmidt limit of 3.71 n.m., and indicating that the proton system is little affected by the two additional neutrons in uLi. Recently, it has been shown [11] that also the electrical quadrupole moments also are identical within the experimental errors: -27.4±1.0 and -31±5 mb, respectively. Blank et al. [12] measured charge-changing reactions for s, 9 • 11 Li impinging on a carbon target and found that all have the same cross section.
The same experiment found a strong increase in the total cross-section (l:<~ig. 1) similar to the one found at 800 MeV/u [13] . The strong energy dependence of the nucleon-nucleon cross-sections has been exploited in an experiment by Fukuda et al. U4] , who demonstrated that the total reaction cross-sections for reactions of 11 Be at energies of 33 and 790 Me V/u with targets of C and Al could be understood only if it was assumed that the 11 Be density distribution had a long tail, the neutron halo. The calculated density distribution of a halo nucleus is shown in Fig. 1 taken from llLi calculation by Sagawa [15] . The momentum distributions of fragments also suggest the existence of the neutron halo. Kobayashi et al. [16] found that the transverse momentum distribution of 9 Li recoils from fragmentation of 11 Li on a carbon target is narrow and could be approximated as a superposition of two components with Gaussian shapea. Similar results were obtained for 11 Be. The narrow momentum component is qualitatively in support of the picture of a halo: From Heisenberg's uncertainty principle it follows that a broad spatial distribution must be linked to a narrow momentum distribution.
There are also observables that are mainly sensitive to the halo. It was predicted [8] that Coulomb stripping plays an important role for high-Z targets and at low energies since the cross-section varies at intermediate energies approximately as Z 2 /(S,,E 0 ), where E 0 is the beam energy per nucleon. The process was first observed by Kobayashi et al. [18] at 800 MeV/u in experiments where 8 He, 11 Li and 14 Be collided with a lead target. At this high energy only 15-30% of the total crosssection is electrical. However, at 29 MeV/u [19] it becomes dominant (see also Section 4), so that for a gold target the experimental cross section for the removal of two neutrons from 11 Li is 5.0±0.8 b, two orders of magnitude above "normal" Coulomb excitation cross-sections. This is evidence for the appearance of the El " As there has been some debate about the parametrization of momentum distributions, a few comments on this may be useful. It is occasionally assumed that the two Gaussians are evidence for two separate mechanisms and in ref. [1] on p. 233 there is experimental "proof" that a single Lorentzian will not fit the experimental data. (It will, in fact, quite nicely. Try something like 1000/(l+(pJ46)
2 ) ••• ) The point that should be kept in mind is that any simple theoretical concept has a certain domain of validity. The halo, introduced to explain effects at large distances and, consequently, at small momenta, will not necessarily account for what happens at momenta of 100-200 MeV/c, corresponding to nuclear dimensions, let alone at higher momenta. The choice of any simple function, therefore, is essentially a matter of convenience in the presentation. ·l1Li incident on a carbon target. Main figure: Density distributions in 11 Li for the core and the halo neutrons (assumed to be in either ls 112 or Op 112 states) according to a Hartree-Fock calculation by Sagawa [15] . Note that the halo constitutes a very dilute neutron gas, a neutron "stratosphere". transition probabilities of the order of a single particle unit referred to in Section 1. Not only Coulomb stripping but also nuclear stripping is strongly enhanced for a nucleus with a neutron halo. Thus for 29 MeV/u ions incident on a beryllium target the neutron yield near zero degrees [19] is more than an order of magnitude greater for 11 Li with 8 neutrons than it is for 9 Li with six neutrons. Likewise it is found at 33 MeV/u [14] that the fragmentation cross section l1Be+Al-+ 10 Be+X of 0.65±0.05 b exceeds that of the corresponding stripping reaction of 13 C by a factor of 7.
Tanihata et al. [20] have pointed to an empirical additivity law for the interaction cross-sections of the helium isotopes. It is seen from Table 1 that the increase in the interaction cross-sections at 800 MeV/u with increasing mass number is explained essentially by the neutron removal cross-sections. The oneneutron removal cross-section for uBe is noted to obey the same law, which has been justified theoretically by Yabana et al. [21] , who performed calculations of uLi 2n-dissociation cross-sections on a target of 12 C in a four-body (core, target, two neutrons) model and on the basis of an optical model for the nucleus-neutron interaction. Their results are in good agreement with the measured value [19] at 29 MeV/u and for a beryllium target. It is interesting that the elastic and nonelastic contributions are nearly identical at the lower energies (E 0 <100 MeV/u) exactly as expected from a simple black--disc model. Finally it has been noted [22] that even-n nuclei at the neutron drip line show fast ("superallowed") beta transitions with a strength and energy that may be interpreted as arising from the decay of a quasi-free pair of neutrons. It is also tempting to view the very strong triton branch of 0.8% [23] in the decay of 8 He as a fragment from the decay of a tetraneutron. However, the beta decay evidence for the halo is on a much less firm footing than that from reactions.
In Section 4 we shall return to nuclear reactions of halo nuclei and consider in more detail the interplay between nuclear structure and reaction mechanism. Since the halo brings some qualitatively new features into nuclear physics, it seems interesting briefly to consider whether related phenomena exist at the atomic and molecular level.
MARGINALLY BOUND ATOMIC AND MOLECULAR SYSTEMS
The formation of the neutron halo is caused by an interaction that is weak and of short range. Furthermore, the di-neutron halo owes its stability as much to the neutron-neutron interaction as to the core-neutron interaction. We look for systems at the atomic level that possess some of these features, and note first that "atoms" do not change structure as a function of their binding strength. Even if we, as a thought experiment, allow the strength e 2 of the electromagnetic interaction to become a continuous variable, no qualitatively new features will appear. This can be seen immediately from the non-relativistic Hamiltonian for an n-electron system coupled to an infinitely heavy core with charge Z, which leads to an eigenvalue equation with no free parameters if length is measured in units of the Bohr radius a='r.2!me 2 and energy in units of me 4 I ri2. All "atoms" of a given stoichiometry thus have the same structure. The two-electron atom pres<mts an interesting analogy to the two-neutron halo. It has been known since Hylleraas explained the helium atom in 1929 (for an account of this and later developments see e.g. [24] ) that a product of two identical wave functions underestimates the binding by some 1.4%. This deviation may be accounted for by introducing coordinates that contain the distance between the two electrons ("correlations") so that probability of finding the two electrons close to each other is smaller than in an independent-particle scheme. The stability of the simplest two-electron atom, the negative hydrogen ion, is entirely caused by the electron-electron correlations. We must expect that similar effects (although with opposite sign since the nn force is attractive) will be important for the two-neutron halo nuclei.
The next Sections will mainly deal with the question how to obtain information about the structure of a bound state (the halo) from inelastic scattering reactions leading to continuum states. A particularly transparent illustration of this comes from an atomic physics experiment by Lohmann and Weingold [25] , who used the (e,2e) reaction on hydrogen atoms to re-construct the momentum distribution of the struck electron. At high bombarding energies, under their conditions corresponding to beam energies of 400-1200 eV, the result is independent of the bombarding energy and gives the (already known) true result for the momentum distribution.
An "atom" consisting of three unit charges with different masses and two like charges has a more complex behaviour. This problem has recently been discussed by Martin et al. [26] , who give references to a number of experimental and theoretical papers on the subject. It turns out that symmetric atoms always are stable, such as the hydrogen molecule ion H/, the negative hydrogen ions-, and the more recently discovered [27] trielectron e•e-e-. Taking particles 2 and 3 to be those that have opposite sign from that of particle 1, Martin et al. show that it is useful to introduce variables ai proportional to the reciprocal masses of the particles and with their sum normalized to unity. Hence, the stability problem is determined by the choice of two values of the ai so that the region of stable systems can be represented in the triangle diagram shown in Fig. 2 . The borders of the hatched area are the "drip lines" of such systems.
Consider now potentials that decrease faster with distance than l/r. A particle bound in a potential that varies with distance as r 2 corresponds to the limiting case [28] in which the particle is either unbound or falls to the origin, depending on the strength of the interaction. Such a potential is realized approximately for an electron bound in the field of a (finite) dipole, and it has been shown [29] that the limit to binding is represented by the dipole moment 0.639 in atomic units. Bound states of this kind have been observed by Lykke et al. [30] as photodetachment resonances of the acetaldehyde enolate negative ion (H 2 C-COH-). The ground state of this band is bound against autoionization by only 0.5 meV and already the second rotational state decays by spontaneous emission of electrons. These states can be estimated to be quite large, of the order of 100 A and represent an atomic halo state.
Systems held together by attractive forces of even shorter range, are exemplified in molecular physics by the van der Waals force between noble gas molecules. It is a common feature of the three-body problem with short-range forces [31, 32] that it is possible to have a bound state, even if none of the three two-body sub-systems are bound. One possible candidate for this behaviour is the He atom, for which the molecule I-fo 2 is believed to be unbound, while Hea could possibly be stable at low temperatures. The general interest in the three-body problem with weak shortrange attrrctive forces has been stressed by Efimov [31] , who points out that although it is usually believed that the three-body problem is too complex to be analyzed in qualitative terms, there exists, in fact, for weakly bound systems a rather wide class of tractable solutions. These fulfill two conditions, namely that the size of the two-body system, represented by the magnitude of the scattering length a should be much larger than the range R of the force (this is the condition for having a resonance near zero energy), and secondly that the energy of the system should be much smaller than the Wigner limit IE I< n 2 
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• Efimov has shown that in the limit of very large systems, a series of very loosely bound threebody levels arises. The best chance for probing such systems must lie in nuclear physics, which offers many examples of bound three-body systems for which neither of the three two-body sub-systems are bound.
From this point of view, 11 Li seems to offer an almost ideal candidate since both sub-systems are close to resonant. It is well known that the nn (S=O,T= 1) resonance lies at 70 keV, only, and recent experiments (33] on (the unbound) 10 Li find resonances near zero energy.
STRUCTURE AND REACTIONS OF THE ONE-NEUTRON HALO
In this and the following Section we examine how the strikingly narrow transverse momentum distributions discussed in Section 2 can contribute to the understanding of the neutron halo. This approach is one that is forced upon us by necessity. The time-honoured road to insight into nuclear structure at low energies is that of measuring the energies and angular--momentum assignments of as many low-lying levels as possible and to deduce structure and dynamics from this cryptogram. This method will not work for the halo nuclei, which most commonly have only one bound state, the ground state, in addition to a broad and largely featureless continuum. Thus, if we want to go beyond the t,>Toss features discussed in Sect. 2, we must be willing to study processes that excite the continuum. We know that the halo is weakly coupled to the core and therefore have all reasons to expect that the continuum will feel this coupling even less, in short that it will resemble free particles mightily. As this Section will show, this is not such a bad starting point. For this reason I disagree mildly with the terminology of those, who in the low-lying El excitations of the halo see "soft, micro or mini" Giant Dipole Resonances and the like. I agree that we are all hoping to see features that go beyond what we already know from the photodisintegration of the deuteron, but we deceive ourselves if we do not admit that the continuum excited with essentially single particle strength is there as a very good starting point.
The difficulty encountered in probing the halo in more detail by means of nuclear reactions lies in the interplay between nuclear structure and the reaction mechanism. Before we turn to the two-neutron halo in the following Section, we therefore examine the case of 11 Be for which the structure part is well understood.
The one-neutron halo and HBe
The interesting general question whether a short-range attractive and weak potential can develop a halo structure for any value of the angular momentum has recently been answered by Riisager et al. [34] . They investigated the behaviour of the moments <r'> of the wave function as the neutron separation energy decreases towards zero and found the moment to be finite provided that n < 2l -l. Hence, if a halo is defined as a divergent second moment of r as a function of Sn, then this occurs only for s and p states. This property appears clearly from numerical calculations carried out with a square-well potential, see Figure 3 . Similar observations have been made by Sagawa [15] , who remarks that states with l > 1 "are not likely to form a halo". Riisager er al. also investigated the properties of a two-body proton halo as a function of the proton binding; as could be expected the Coulomb barrier reduces the halo considerably, but appreciable effects still remain for s states of light nuclei.For a neutron s state the external wave function is simply a Yukawa proportional to exp(-r Ip) Ir where the decay length is given in terms of the reduced mass and the neutron separation energy.
The ground state of 11 Be was early recognized [35] as an example of what we today call an intruder state, a ls 112 state that for N=7 and small proton numbers dives below the Opv 2 state. Modern shell-model theory, see Otsuka et al. [36] views the state as predominantly a combination of this s-state with a d 512 coupled to the soft 2+ of 10 Be, thus making the link to the Nilsson model. The neutron separation energy given in Section 2 leads to the external decay length p=6.8 fm, well in excess of the root-mean-square radius ofap-shell nucleus of about 2.5 fm. The Op 112 state lies at 320 keV and its lifetime was measured by Millener et al. [37] , who The single neutron inclusive and exclusive (n+ 10 Be) reaction cross-sections [54] for 41MeV/u 11 Be incident on a beryllium target. The figure to the right illustrates the Glauber model [55] of absorption and diffraction dissociation. Seen from the projectile (halo) coordinate system, the incident target nucleus traverses the halo (from the right) and causes either absorption or a "wound" in the wave function. The latter implies a certain probability of disintegration. For high-energy reactions, i.e. beam velocity much higher than the halo velocity, cross-sections and momentum distribution can be calculated from this simple geometrical model. found that it is the fastest El between low-lying states known in nuclear physics: the reduced transition probability is 0.36 Weisskopf units. The link between the neutron binding energy, nuclear size and transition probability was realized in this work, which represents the first identification of a neutron halo.
Coulomb and nuclear dissociation of
11 Be From the experiments discussed in Section 2 we know that the dissociation reactions that leave the nuclear core untouched give a very clear halo signal. The essential elements in these reactions, Coulomb dissociation for high-Z targets and absorption and diffraction dissociation for light targets, have been discussed in many theoretical papers, some mainly oriented towards the nuclear process [38] [39] [40] [41] [42] [43] and some mainly towards the Coulomb process [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] . A new experiment [54] studied the one-neutron dissociation reaction by detecting a fast forward neutron Figure 5 c:
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The exclusive cross-sections for 11 Be at 41 MeV (average of entrance and exit energy in the target) incident on targets of Be, Ti and Au and compared with a schematic calculation, which serves to identify the essential ingredients in the reactions. The calculated differential cross-sections for Coulomb excitation of Au and Be ar<J shown as full drawn lines and the calculated angular distribution arising from diffraction dissociation on Be is shown as a dashed line. There are no free pararr.eters in these calculations, which use the same simple wave function.
in coincidence with a 10 Be recoil. For a a heavy target such as gold these exclusive differential cross-sections are not very different from the single neutron inclusive distributions, whereas for the beryllium target (Figure 4) there is a vast difference and the exclusive distribution is very broad as is expected for diffraction dissociation on a small target nucleus. The very much larger inclusive cross-section reflects contributions from core-core collisions: (i) a broad contribution of fast neutrons from core fragmentation and punch-through of the light target, and (ii) a narrow distribution coming from the halo neutron.
The exclusive angular distributions are shown in Figure 5 together with the results of two simple calculations, both based on a Yukawa wave function alone in the "zero range approximation", and in which the cross-sections resulting from an integration over impact parameter were augmented by the finite-size correction factor [8] . The Coulomb calculation followed in principle closely Baur and his collaborators [44, 48, 49] and nuclear contributions were neglected.
For the case of a beryllium target the Coulomb cross-section is much too small to explain the experimental result although it has been included with the calculated nuclear contribution (dashed), essentially a black-disc model in the spirit of the calculation ofR.J. Glauber [55] of the absorption and diffraction dissociation of the deuteron. The broad distribution found for (exclusive) neutrons on Be corresponds very approximately to (see Section 5.1) r = 130 MeV/c; qualitatively this is in agreement with Kobayashi et al. [56] who at 800 MeV/u found 180 MeV/c, a result that was intepreted [19] in favour of the diffraction mechanism. 11 
THE TWO-NEUTRON HALO AND
Li
The structure of 11 Li has been investigated theoretically by a number of the methods available in the theorist's arsenal, shell model (see especially the review by Brown [57] ), cluster model, three-body calculations, Hartree-Fock calculations etc. [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] 36] and also in connection with the many reaction studies cited elsewhere in this paper. A very essential step, later enshrined by many others, was taken by Bertsch, Brown and Sagawa [58] , who adjusted the strength of the interaction used in their Hartree-Fock calculations so that the experimental separation energy was reproduced for the last occupied orbit. The subsequent sequence of papers by Bertsch, Esbensen and their collaborators [47, 52, 53, 59, 63] probably represent the most developed picture, so far, of the structure of uLi and its Coulomb interactions. Later in this section these calculations will be compared with the experimental results.
Angular distribution of fragments from the di.ssociatim1 of nr,i:
Although measurements for other, more bound, halo systems such as 6 • 8 He and
14
Be exist and demonstrate the qualitative link between binding of the halo and width of the momentum distributions, we concentrate here on the results for u Li. We begin by some remarks to define common ground. The Goldhaber model, which underlies much of the current thinking about high-energy fragmentation reactions, parametrizes the internal momentum distribution of a nucleus in terms of a parameter o, the root-mean square momentum along one axis. The coresponding three-dimensional distribution is not changed by integration over two axes to obtain the transverse momentum distribution, given in some papers, so the the full width at half maximum is given by I'=2.35o. Consider now a zero-range Yukawa wave function such as defined in Section 4.1, with a momentum distribution in three dimensions a -18.7 (0. 
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Experimental angular distribution of neutrons from the reaction 11 Li+ 179 Au _,. 9 Li+n+X [19] at 29 MeV/u together with the calculated [52] values from Coulomb excitation, absolute (full drawn) and renormalized (dashed) values. The inset shows the longitudinal momentum distribution of 9 Li (arbitrary scale) from the Ta( 11 Li, 9 Li) reaction [71] , a Gaussian fit (full drawn) and the calculations by E:sbensen and Bertsch [53] (dashed).
which is simply the square of its f'ourier transform. After integration over two axes .
.
this distribution corresponds to a Breit-Wigner shape with r = 2'h/p whereas the corresponding angular distribution do/dQ has FWHM=O. 7661'. We discuss all results in terms of a single effective r parameter.
The original result of I'=90 MeV/c reported by Kobayashi et al. [16] for 800 MeV/u 9 Li recoils from breakup of llLi on a carbon target was originally considered a small value, but as will be seen from the following the main question today is why it is not even smaller. It is therefore important that the experiment has been repeated with better statistics and with identical results for a carbon target and for a hydrogen target [9, 68, 69] . The latter finding demonstrates that we are not dealing with an effect of Coulomb scattering.
The angular distribution of neutrons from the exclusive channel n + 9 Li from bombardments of targets of Be, Ni and Au ( Figure 6 ) with 29 MeV/u llLi gave essentially identical distributions [19, 70] , which after correction for the detector size and beam divergence correspond to I'"'26 MeV/c. This result was surprising in two respects. First, it would be expected that, as subsequently demonstrated in the 11 Be experiment discussed in the previous Section, the outcome would be different for light and heavy targets, since the reaction mechanisms are different in the two cases. This, together with the extreme narrowness of the distributions, invited the tentative conclusion [19] that the identity of the three distributions reflected their common feature, thee momentum distribution of the halo ground state. The high intensity near zero degrees could then easily hide less distinctive features. But the second problem is that even with this assumption, the momentum width appears to be too small relative to the core recoil momentum width cited above, a conclusion that is also reached from an analysis that subdivides the distributions into broad and narrow components [69] .
The transverse momentum distribution of the core recoil could possibly be influenced from Coulomb and maybe even nuclear contributions at small impact parameters. An experiment on the longitudinal momentum distribution of the 9 Li fragment from breakup of 11 Li at 66 MeV/u on targets of Be, Nb and Ta, recently completed by Orr et al. [71] , avoids this difficulty since the Coulomb contributions from the in-and outgoing trajectory to lowest order cancel". The result, in Figure  6 , is that the momentum distributions are essentially identical, just as in the neutron experiment. For a gold target an extrapolated u parameter of 18 MeV/c corresponds to 1'=42 MeV/c. This is in excellent agreement with what should be expected for an uncorrelated neutron pair: r(2n) = 2642 = 37 MeV/c.
Both exp(Jriments are for thcJ heavy targets in good agreement with calculations [59, 63, 52] that develop a three-body model and calculate the dipole strength function. An important feature of the calculation, also emphasized in a subsequent paper [53] , is that the strength of the dipole excitation is enhanced by about 50% by the nn correlations; this is opposite to ordinary nuclear correlations, which " A slight Coulomb "post-acceleration" would be expected because the fragment is lighter but has the same charge. The experiment shows indications of this. The effect has been discussed by Baur [49] . decrease the dipole strength by shifting it to higher energies. The model also provides a handle for understanding why the momentum distribution of the dipole excitations resembles the momentum distribution of the ground state. 11 Li Unlike what is the case in atomic physics (Sect. 3) we do not understand the absolute binding of nuclei well enough to trace the effects of correlation in this way. The best chances may seem to be in the distribution of transition strengths or, maybe better, the angular correlations of nn events [53] , for which an, at first sight surprising, anticorrelation is predicted. This implies, roughly speaking, that the neutrons from a pair will most probably be found on opposite sides of the reaction axis. Experiments on neutron-neutron coincidences are in progress in several places. The first result [70] was based on a few hundred coincidence events, which within experimental errors were consistent with an uncorrelated distribution. Shimoura et al. [72] report a correlation corresponding to a relative energy of 50 kV of the neutrons.
Other experiments on
Two experiments [73, 74] have investigated the angular distribution in elastic scattering of 11 Li on targets of hydrogen and silicon at 60 and 29 MeV/u, respectively. The most striking feature is a decrease in cross-section relative to that of more bound lithium isotopes, clearly associated with breakup of the projectile and most pronounced for the heavy target.
In another experiment Kobayashi et al. [9] studied the pion double-charge exchange reaction 11 B(it-,n+) 11 Li and found strong excitations near 1.2 MeV representing mainly the single-particle continuum. As compared with other similar transitions to non-analogue states the ground-state transition appears to be hindered by a factor of about 0.3, see theoretical discussions by Gibbs and Hayes [75] and also the footnote in Section 6.
Where do we stand?
Another phenomenon that would allow the undisturbed momentum distribution to emerge would be a sudden and violent impact that would remove the core. We are not so far from this limit. For the Coulomb collision of a halo nucleus with a target the violence of the process is measured by the product q·p, where q is the momentum transferred to the CM system of the halo nucleus by the Coulomb force, and where p is the halo range parameter used previously in this paper. For a grazing collision of, say, a Be or Li ion with a heavy target this product is at 29 MeV/u of order unity or greater so that perturbation theory is no longer applicable. This may contribute towards explaining why the total Coulomb cross-sections for 11 Li do not scale with the square of the target atomic number Z but rather with the power l.4lo:0.22 [18] . Another explanation for this has been proposed by Suotome et al. [51) , who attribute it to Z dependence of the lower momentum cut-off.
Conservation of isospin and the halo structures has been considered by Suzuki and Yabana [76] , who conclude that isospin is conserved and that multiplets exist, also for thE halo states.
All in all, we begin to understand the neutron halo and its reactions. Among the unanswerE d questions are the transverse momentum distributions obtained for light targets: Why are they so broad for the core recoils and so narrow for the neutrons from 11 Li?
6. WHAT'S NEXT All the light nuclei at thlJ neutron drip line show some measure of a halo structure. Most of the work until now has concentrated on the best cases, 11 Li and 11 Be, but there must exist very interesting candidates beyond beryllium such as 19 B, 19 C (a candidate for one··neutron halo similar to 11 Be), 2' 2 C and so on. They have been produced in the laboratory but the experiments are hard and it will become even harder to match the precision obtained in the present generation of experiments, so intensity is the name of the game. It would be valuable if it were possible to perform simple experiments that directly would give a hint of the amount of halo in a given candidate. The key to this is, of course, the separation energy of the halo as the halo size scales with vS. One possibility would be to detect with high efficiency the forward neutrons produced by the fragment on a heavy target: The calculations used in Fig. 5 indicate that the Coulomb peak crosssection scales as 1/8 2 . Another question is whether we really know the position of the neutron drip line. Let us first look at the theoretical and empirical arguments. Not so long ago it would have generally believed that mass formulas or extrapolations, what almost amounts to the same thing, could easily give the answer. We are more sceptical now and that for two reasons. The first is that we know that a dramatic change in structure takes place at the drip line so that the stability that we are seeking to predict will depend on features that are not part of the input. And the second is that neutron matter presumably is close to beeing bound, so that a neutron cluster coupled to a stable nuclear core will have a total energy close to zero -and with some luck negative. The systematics of nuclear one-and two neutron separation energies show evidence of such an effect for some elements: The curves seem to flatten out and to approach the x-axis almost tangentially [77] . It is clear that the demonstrations of stability obtained with the recoil separators ar<~ of capital importance for this knowledge.
Thus we are back to experiment as the only sure way to determine the position of the drip line. It is commonly believed that the neutron drip line has been mapped [78] up to neon (Z=l0), which very likely is true. It must be kept in mind, however, that the halo nuclei are very delicate objects that must be produced either in their ground state by a kind of Mossbauer effecta, or not be produced at all. This " A measure of the formation probability is the square of the overlap between a neutron pair in a normal nucleus (or reaction complex) and the pair of neutrons in the halo. Fortunately, this does not scale as R'3, where R is the halo radius, as has been suggested by Gibbs and Hayes [72] , which would have meant that the crosssections would depend on the neutron separation energy S as S 8 . 'l'he correct relationship, found by Riisager et al. [34] , is proportionality to R-2 and hence to S.
effect is not necessarily taken into account by a systematics of cross-sections as is seen from the example of 14 Be that was "proven" [79] non-existent in 1970. It is also thinkable [80] that there will be islands, or maybe better reefs, of stability in the sea of neutron instability, so that, to take a random example, 25 • 26 • 27 0 would be unbound (as seems to be the case) and that, nevertheless, 28 0 would be bound ... In conclusion let me say that I began by mentioning how theory with ease takes us from the known 116 Sn to the (experimentally inaccessible) 176 Sn. In the real world it has taken five years and around 100 experimental and theoretical papers to begin bridging the gap between 9 Li and 11 Li. We have all reasons to expect that further work in this region will be highly rewarding.
